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ABSTRACT 

A t e s t  p r o g r a m  w a s  c o n d u c t e d  f o r  t h e  U n i v e r s i t y  o f  T e n n e s s e e  
S p a c e  I n s t i t u t e  on  a v e r t i c a l l y  s e g m e n t e d  w a l l  (Ha l l )  a n d  a d i a g o n a l l y  
s e g m e n t e d  w a l l  (45-deg-slant)magnetohydrodynamic g e n e r a t o r .  T h e  
i n t e r n a l  w i d t h  of  t h e  4 8 - i n .  - l o n g  g e n e r a t o r  c h a n n e l  w a s  2 in .  ; t h e  
h e i g h t  d i v e r g e d  f r o m  4 in .  a t  t h e  i n l e t  to  6 in.  at t h e  e x i t .  T h e  p l a s m a  
w a s  p r o v i d e d  b y  a s o l i d - f u e l e d  c o m b u s t o r  w i t h  a n o z z l e  d e s i g n e d  f o r  
an  ex .haus t  g a s  ex i t  M a c h  n u m b e r  of  3 . 7 5 .  T h i r t e e n  f i r i n g s  w e r e  m a d e  
w i t h  t h e  4 5 - d e g - s l a n t  c h a n n e l  f o r  p o w e r  g e n e r a t i o n .  Six f i r i n g s  w e r e  
m a d e  w i t h  t h e  H a l l  c h a n n e l ;  t h r e e  o f  t h e s e  w e r e  f o r  p o w e r  g e n e r a t i o n ,  
a n d  t h r e e  w e r e  m a d e  f o r  e x h a u s t  g a s  c o n d u c t i v i t y  m e a s u r e m e n t .  
O p e r a t i n g  c o n d i t i o n s  f o r  t h e  p o w e r  g e n e r a t i o n  f i r i n g s  w e r e :  n o m i n a l  
c o m b u s t o r  c h a m b e r  p r e s s u r e ,  325 p s i a ;  m a g n e t i c  f i e l d ,  2 0 , 0 0 0  g a u s s ;  
a n d  l o a d  b a n k  r e s i s t a n c e  f r o m  0 to  ® o h m s .  F o r  t h e  e x h a u s t  g a s  c o n -  
d u c t i v i t y  m e a s u r e m e n t s ,  v o l t a g e  w a s  s u p p l i e d  to  t h e  c h a n n e l  a t  l e v e l s  
o f  360, 440,  and  200 v dc .  T a b u l a t i o n s  o f  c o m b u s t o r  p e r f o r m a n c e  a n d  
of  t h e  e l e c t r i c a l  d a t a  f r o m  t h e  t w o  g e n e r a t o r  c o n f i g u r a t i o n s  a r e  p r e -  
s e n t e d .  

This document is subject to special export controls 
and each transmittal to foreign governments or foreign 
nationals may be made only with prior approval of 
the Air Force Aero-Propulsion Laboratory (APIE-2), 
Wright-Patterson AF Base, Ohio 45433. 
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SECTION I 
INTRODUCTION 

:4 magnetohydrodynamic (I%~iHD) electrlc power generator is classed 
as a direct energy conversion device. Ionlzed gas flowing at hlgh 
velocity through a channel is acted on by a transverse magnetic field to 
p~'oduce an electromotive force perpendlcular to the velocity vector and 
to the magnetic field. The same physical principles are revolved in an 
MHD generator as in a conventional generator except that conducting 
gases replace the metallic conductors of the rotor. 

The University of Tennessee Space Institute (UTSI) is currently 
engaged in a research investigation of parameters governing the per- 
formance of open-cycle MHD devices. The program is designed to pro- 
vide correlation between theoretical and experimental performance of 
several types of i%'IHD generators in order to establish basic generator 
design criteria. The scope of the experimental effort includes a para- 
metric study to optimlze the performance of 45-, 60-, and 75- deg- slanted, 
Hall and Faraday generator channels operating at various gas dynamic 
conditions, electrical loads, and magnetic fields. The walls of each of the 
channels are segmented to reduce the effect of the Hall field. 

Earlier test phases (Refs. 1 through 4) utilized a GO2/RP-I combus- 
tot with Alcohol/KOH seed to provlde ionized gas. This report presents 
the data obtained from a vertically segmented wall (Hall) and a diagonally 
segmented wall (45-deg-slant) MHD generator channel using a solid-fueled 
plasma generator. A description of the cornbustor, channels, magnet, and 
associated systems is given, and the methods used to obtain the required 
measurements are presented. 

The test program reported herein was conducted in Propulsion 
Research Area (R-2C-4) of the Rocket Test Facility (RTF). The RTF 
personnel were responsible for design and fabrication of the cornbustor 
support stand, the combustor ignition system, the exhaust gas cooling 
systems, and associated instrumentation systems. The combustors, 
channels, magnet, diffuser, load banks, and electrlcal meters were sup- 
plied by UTSI. 

SECTION II 

APPARATUS 

2.1 TEST A R T I C L E  

The test article consisted of a combustor, an MHD generator channel 
and diffuser, and a magnet. These components and the supporting systems 
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( load bank,  m a g n e t  p o w e r  supp l i e s ,  s p r a y  c h a m b e r ,  and shunt  pane l )  a r e  
d e s c r i b e d  in de t a i l  in the  s e c t i o n s  to fo l low.  

2.1.1 MHD Generator Channel and Diffuser 

Two MHD generator channels were employed: a diagonally segmented 
wall (45-deg-slant) channel (Fig. I, Appendix I) and a vertically seg- 
mented wall (Hall) channel (Fig. 2). 

The copper channels were nominally 48 in. long with outside dimen- 
sions of 3.75 in. wide by 8 in. high. The inside dimensions were 2 in. 
wide by 4 in. high at the inlet with the side walls parallel and the top and 
bottom walls diverging to 6 in. high at the exit. The 36-in. active length 
of the channels (conforming to the 36- by 6-in. magnetic field cross sec- 
tion) was assembled from several individually insulated wall segments, 
each segment acting as an electrode. The remaining 12 in. of the channel 
lengths (nominally 6 in. at each end) was made of copper blocks (transition 
elements) insulated from each other to reduce eddy currents. Each 
element and block was attached to the adjacent elements or blocks by 
ceramic-insulated stainless steel screws. 

The 45- deg- slant wall channel segments (Fig. 3) were made of 
0. 417-in.-thick copper slabs electrically insulated from each other by 
0. 018-in. -thick mica paper. The segments were inclined forward at 45 deg 
to the channel axis to form a laminate array 40 in. long, of which 2 in. at 
each end was part of the inactive portions of the channel. The remaining 
4 in. at each end was composed of transition elements. Each of the 50 full 
segments was split at the middle to form top and bottom elements, also in- 
sulated from each other by 0. 018-in. -thick mica paper. These elements 
and the 16 partial end segments comprised the electrodes. 

The Hall channel segments (Fig. 4) were 0. 582 in. thick and arranged 
perpendicular to the axis of the channel. The segments of the Hall channel 
were split at the middle and insulated similar to the 45-deg channel. Sixty 
segments, with insulation, comprised the 36-in. active length of the Hall 
channel; the remaining 6 in. at each end was comprised of transition 
el em ent s. 

The diffuser was made from I/2-in.-thick stainless steel plates, with 

a 2- by 6-in. internal cross-sectional area and a 24 I/2-in. length. The 
front flange of the diffuser was bolted to the aft flange of the channel. The 
aft flange of the diffuser was adapted to the forward bulkhead of the spray 
chamber with a rubber slip joint seal and extended 8 in. into the spray 
chamber. 
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2.1.2 Magnet 

The magnetic field was provided by a 20, 000-gauss electromagnet 
(Fig. 5) and was directed normal to the vertical plane containing the 
channel axis. The distance between the magnet pole faces was 3.96 in.; 
each face was 6 in. high by 36 in. long. 

The magnet was of "C" frame construction with eight strip-wound 
coils, six coils having 48 turns each and two coils having 55 turns each 
(Fig. 5c). Each coil was designed to conduct 600 amp.for a total of 
238, 800-amp turns. The magnetic field strength is presented in Fig. 6 
as a function of current. Water cooling coils were installed adjacent to, 
but insulated from, the electrical coils. Cooling water was supplied at 
a nominal flow rate of 55 gal/min at a nominal inlet pressure of 70 psig. 
In the event of an accidental power failure, the energy stored in the mag- 
netic field would be dissipated through a 0.040-in. spark gap located in 
the electrical terminal box. 

Current to the n~agnet was supplied by fifteen, 400-arnp, 40-v dc 
power supplies (Fig. 7) connected in five parallel arrays of three each 
in series. 

2.1.3 Load Bank 

The electrlcal power produced by the I~I-HD generator was dissipated 
as heat through four air-cooled resistive load banks, each bank containing 
252 reslstor elements (Fig. 8). Each load bank was capable of dissipating 
I00 kw. The individual reslstors were strapped to form the desired 
parallel and series arrangements for impedance matching to the generator 

electrical output. 

2.1.4 Combustor 

Ionized gas to the _%'IHD generators was provided by solid-fueled com- 
bustors (Fig. 9) produced by Hercules, Inc. The combustors utilized type 
VJP solid-fuel/oxidlzer grains (Fig. I0) havlng a cyhndrical bore, center- 

perforate design with uninhibited end burning. The reactants were cast in 
an insulating beaker of phenolic. The net weight of reactants in each grain 

was nominally 8 Ib m . 

The combdstion chamber was fabricated from 5-in.-diam schedule 

40 stainless steel pipe. The transition from a clrcular chamber to a 
rectangular nozzle exit cross sectlon was accomplished in the diverging 
supersonic nozzle section downstream of the nozzle throat. Aphotograph 
showing the graphite transition section is presented in Fig. Ii. The 
transition section flow area diverges from 0.50 in. 2 at the throat to 8 in. 2 
at the exit (2 by 4 in. ), providing a nominal exit Mach number of 3.75. 

3 
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The grains were ignited by two US Flare 207 D1 squlbs immersed in 
a bag containing powered BKNO 3 whlch was surrounded by BKNO 3 and 
magnesium Teflon ® pellets. The igniter assembly was contained in the 
igniter head by a 5-rail polyurethane disk (Fig. 9). 

2.2 INSTALLATION 

The combustor, magnet, channel, and diffuser were installed in 
Propulsion Research Area (R-2C-4). A photograph and a schemahc of 
the installatlon are shown in Fig. 12. The magnet was installed on the 
magnet support stand, and the channel was placed on a support stand 
between the magnet pole faces. The forward flange of the channel was 
aligned with, and bolted to, the combustor nozzle flange. The channel 
diffuser extended through the forward bulkhead of a spray chamber. A 
12-in. exhaust duct was bolted to the downstream end of the spray cham- 
ber to direct the cooled exhaust gases into the facihty exhaust system. 

The spray chamber (Fig. 13) was a 36-in.-diam, 10-ft-long cylinder 
made of I/4-in. mild steel. An alr spray rlng was located just forward of 
the diffuser exit plane (Fig. 12b) to provide a nonconducting shroud around 
the ionized exhaust gases, thereby preventing electrlcal conduction to the 
spray chamber walls untll the exhaust gases are cooled below the ioniza- 
tion temperature. Four water spray rings were used to cool the exhaust 
gases before discharge into the 12-in. exhaust duct. The spray chamber 
was insulated against 2000-v potential from ground. The supply lines and 
drain line were made of cotton braid rubber hose. The resistance to 
ground was about I000 ohms with the 6-in. drain line full of cooling water. 

A s h u n t  p a n e l  ( F i g .  14) w a s  u s e d  a s  an  e l e c t r i c a l  i n t e r f a c e  b e t w e e n  t h e  
c h a n n e l  and  t h e  l o a d  b a n k .  T h e  p a n e l  c o n t a i n e d  l ow  r e s i s t a n c e  ( 0 . 0 0 0 5 -  
o h m )  s h u n t s ,  a c r o s s  w h i c h  c u r r e n t  b e t w e e n  c h a n n e l  e l e m e n t s  and  b e t w e e n  
t h e  c h a n n e l  a n d  l o a d  b a n k  w a s  m e a s u r e d .  V o l t a g e  t a p s  and  f u s e s  to  p r o -  
t e c t  t h e  m e t e r  c i r c u i t s  and  l o a d  b a n k  c i r c u i t s  w e r e  a l s o  p r o v i d e d  in t h e  
s h u n t  p a n e l .  

T y p i c a l  e l e c t r i c a l  c i r c u i t s  u s e d  f o r  t h e  4 5 - d e g - s l a n t  c h a n n e l  a r e  s h o w n  
in F i g .  15. C i r c u i t s  f o r  t h e  H a l l  c h a n n e l  a r e  s h o w n  in F i g s .  16 and  17. 
T h e  e l e c t r i c a l  m e a s u r e m e n t s  m a d e  d u r i n g  p o w e r  g e n e r a t i o n  f i r i n g s  w e r e :  
(1) v o l t a g e  a c r o s s  t h e  l o a d  r e s i s t o r s ,  (2) c u r r e n t  f r o m  c h a n n e l  e l e c t r o d e s  
t o  t h e  l o a d  b a n k ,  a n d  (3) c h a n n e l  e l e m e n t  t o p - t o - b o t t o m  c u r r e n t .  E l e c t r i -  
c a l  m e a s u r e m e n t s  m a d e  d u r i n g  e x h a u s t  g a s  c o n d u c t i v i t y  r u n s  w e r e :  
(1) c h a n n e l  a x i a l  v o l t a g e ,  (2) p o w e r  s u p p l y  v o l t a g e ,  a n d  (3) p l a s m a  c u r r e n t .  
F o r  t h e  c h a n n e l  e l e m e n t s  no t  s h o w n  in F i g s .  15 t h r o u g h  17, t h e  e v e n -  
n u m b e r e d  e l e m e n t s  t h r o u g h  n u m b e r  50 w e r e  s h o r t e d  t o p - t o - b o t t o m  and  t h e  
o d d - n u m b e r e d  e l e m e n t s  t h r o u g h  n u m b e r  49 w e r e  s h o r t e d  t o p - t o - b o t t o m  

4 
v 
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through ammeter shunts. For both channels, elements 51 were shorted 
directly top-to-bottom and elements 52 were shorted top-to-bottom 
through ammeter shunts. Current from the four segments at the upstream 
end and the four segments at the downstream end of each channel to the load 

bank was carried by 3/0 cable, and current from element top-to-bottom 
and from element to load bank for all other segments was carried by No. 2 
AWG 600-v cable. 

2,3 INSTRUMENTATION 

Instrumentation was divided into two distinct groups: support equip- 
ment instrumentation and channel and magnet instrumentation. Instru- 
ment ranges, recording methods, and an estimate of measurement un- 
certainty for all measured parameters are presented in Table I 
(Appendix II). 

2.3.1 Support Equipment Instrumentation 

Instrumentation was provided to measure combustor chamber pres- 
sure, nozzle exit static pressure, and spray chamber pressure. 

The output signal of each measuring device was recorded on inde- 
pendent instrumentation channels. The combustor chamber pressure data 
were recorded as follows: Each output signal was transmitted to a millivolt- 
to-frequency converter. A magnetic tape system, recording in frequency 
form, stored the signal from the converter for reduction at a later time by 
an electronic digital computer. The computer provided a tabulation of 
average absolute values for each 0. l-sec time increment. A photographi- 
cally recording, galvanometer-type oscillograph recording at paper speeds 
ranging from 6 to 60 in. /sec provided an independent backup of combustor 
chamber pressure. The nozzle exit-static pressure and spray-chamber 
pressure data were recorded on magnetic tape from a multi-input, high- 
speed, analog-to-digital converter at a scan rate for each channel of 75 
times/sec. Playback of these tapes on a digital computer provided atabu- 
lation of average absolute values for each 0. l-sec tlme increment. 

2.3.2 Channel and Magnet Instrumentation 

Generator voltages and currents and magnet voltage and current were 
displayed on an array of meters located on a-rack-mounted meter panel 

(Fig. 18) and insulated from 2000-v potential to ground. The data from 
these meters were recorded photographically by a 70-ram camera that was 
timer actuated to provide photographs at approximately l-sec intervals 
during a power generation firing. These photographs were time correlated 
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with engine burn time by "camera pulses" recorded on the oscillograph. 
Selected generator voltages recorded on the oscillograph provided a 
continuous recording of generator performance during firing. 

SECTION III 
PROCEDURE 

A f t e r  t h e  r e c e i p t  of  t h e  c o m p o n e n t  p a r t s  o f  t h e  c o m b u s t o r s  a n d  t h e  
MHD g e n e r a t o r  c h a n n e l s  at  A E D C ,  t h e  f u e l / o x i d i z e r  g r a i n s  w e r e  
w e i g h e d  a n d  r a d i o g r a p h i c  a l l y  i n s p e c t e d  f o r  c r a c k s ,  v o i d s ,  o r  s e p a r a -  
t i o n  a n d  f o u n d  to  m e e t  t h e  a c c e p t a n c e  c r i t e r i a  p r o v i d e d  by  t h e  m a n u -  
f a c t u r e r .  D u r i n g  s t o r a g e  in an  a r e a  t e m p e r a t u r e  c o n d i t i o n e d  at  7 5 + 5 ° F ,  
t h e  c o m b u s t o r s  w e r e  c h e c k e d  to e n s u r e  c o r r e c t  f i t  of  m a t i n g  h a r d w a r e ,  
and  t h e  n o z z l e  t h r o a t  and  e x i t  d i a m e t e r  m e a s u r e m e n t s  w e r e  o b t a i n e d .  T h e  
e l e c t r i c a l  r e s i s t a n c e  b e t w e e n  t h e  i n d i v i d u a l  s e g m e n t s  o f  t h e  M H D  g e n e r a -  
t o r  c h a n n e l s  w a s  m e a s u r e d  to v e r i f y  t h a t  no  e l e c t r i c a l  s h o r t s  e x i s t e d .  

T h e  c h a n n e l  w a s  i n s t a l l e d  a n d  a l i g n e d  b e t w e e n  t h e  m a g n e t  p o l e  f a c e s ,  
a n d  t h e  e l e c t r i c a l  l e a d s  w e r e  c o n n e c t e d  to t h e  s h u n t  p a n e l .  T h e  c o m -  
b u s t o r  t r a n s i t i o n  s e c t i o n  h o u s i n g  and  t h e  e x h a u s t  d i f f u s e r  w e r e  c o n n e c t e d  
to  t h e  c h a n n e l  a t t a c h m e n t  f l a n g e s ,  and  t h e  e n t i r e  a s s e m b l y  w a s  c h e c k e d  
to  e n s u r e  t h a t  t h e  g e n e r a t o r  w a s  e l e c t r i c a l l y  i s o l a t e d  f r o m  g r o u n d .  

After the combustor nozzle, case, grain, and igniter had been 
assembled, pre-fire calibrations were completed, and the channel ex- 
haust pressure was reduced to 3.0 psia. The firing circuit resistance 
was set to provide the required 4-amp igniter current, and the magnet 
current was adjusted to provide the desired magnetic field. The entire 
instrumentation measuring-recording complex was activated, and the com- 
bustor was fired. 

T h e  c h a n n e l  e x h a u s t  p r e s s u r e  w a s  t h e n  r e t u r n e d  to a m b i e n t  c o n d i t i o n s ,  
p o s t - f i r e  i n s t r u m e n t a t i o n  c a l i b r a t i o n s  w e r e  m a d e ,  and  t h e  c h a n n e l  a n d  
c o m b u s t o r  w e r e  i n s p e c t e d .  T h e  c o m b u s t o r  w a s  d i s a s s e m b l e d ,  t h e  n o z z l e  
t h r o a t  a nd  e x i t  d i a m e t e r s  w e r e  m e a s u r e d ,  and  p o s t - f i r e  p h o t o g r a p h s  w e r e  
o b t a i n e d .  

SECTION IV 
RESULTS AND DISCUSSION 

Nineteen solid-fueled combustors were fired to determine the per- 
formance of two MHD generator channel configurations and to evaluate 
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the electrical conductivity of the products of combustion. The plasma 
was supplied to the channel inlet at a Mach number of 3.75 (based on 
compressible flow tables for A/A ;~ = 13.0, %' = 1.28) and a nominal 
total pressure of 325 psia. The run durations were nominally 7 sec. 

Power generation testing was accomplished at a magnet field 
strength of 20, 000 gauss wlth a diagonally segmented wall (45-deg- 
slant) channel (13 firings) and a vertically segmented wall (Hall) chan- 
nel (three firings). The channel external resistance load was varied 
from 0 (short circuit) to ® (open circuit) ohms during 45-deg-slant 
channel testing but was held constant at 6 ohms for the three Hall chan- 
nel power generation firings. A voltage was applied between the up- 
stream and downstream Hall channel electrodes with an external power 
supply during three firings (with no magnetic field) to determine the 
electrical conductivity of the plasma. 

The combustor performance data are summarized in Table lla. 
The test variables (channel configuration, electrical hook-up con- 
figuration, load bank resistance, and magnet field polarity) are shown 
in Table Ilb. The measured values of load bank resistances (corre- 
sponding to the resistor designations shown in Fig. 15) are shown in 
Table Ill. Detailed electrical measurements are presented in Tables IV, 
V, and VI for the thirteen 45- deg- slant channel power generation firings, 
the three Hall channel power generation firings, and the three exhaust 
gas conductivity measurement firings, respectively. 

4.1 COMBUSTOR OPERATING CHARACTERISTICS 

The variation in chamber pressure, nozzle exit side wall static 
pressure, and spray chamber pressure during a typical firing is shown 
in Fig. 19. 'Also shown is the chamber pressure variation during firings 
having the highest and lowest values of average chamber pressure. 
Although the 19 combustor assemblies used during this program were 
macroscoplcally identical, some variation in the burning characteristics 
existed between indlvidual motors. Action time, defined as the time 
interval between i0 percent of maximum chamber pressure during igni- 
tion and i0 percent of maximum chamber pressure during tailoff, ranged 
from 6.05 to 7.42 sec (Table IIa). Nozzle throat erosion resulted in 
throat area increases of from 32 to 50 percent of the pre-hre area. A 
layer of combustion products, determined from chemical analysis to be 
primarily aluminum oxide, was deposlted on the walls of the combustor 
nozzle (Fig. 20) and channel during each firing. The alumlnum oxide, 
whlch is a relatively good electrical insulator, was removed from the 
nozzle and channel walls after each motor firing. No significant variation 
in the nozzle exit pre- and post-fire areas was observed after removal of 
the exhaust products. 
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4.2 GENERATOR ELECTRICAL PERFORMANCE 

Primary electrical data were obtained from the meter indications 
of channel currents and voltages which were photographically recorded 
at l-sec zntervals during the firings. The total channel axial voltage 
was continuously displayed on an oscillograph recorder during the firings 
to provide an indication of the channel transient electrlcal operating 
characteristics. The variation of total channel voltage with motor cham- 
ber pressure during the 45- deg- slant wall channel firings and the Hall 
channel power generation firings is shown in Figs. 21 and 22, respectively. 
The electrical data presented zn Tables IV and V were obtazned from the 
meter panel photograph which indicated the hlghest value of total channel 
voltage during each bring. 

The power generated during the 45- deg- slant wall channel power 
generation firings is shown in Fig. 23 as afunction of center resistance 
load. The variation in generated power between firings conducted at 
nominally equivalent loads is attributed to variations either in the cham- 
ber pressure level between the firings or to voltage instabihty. Arcing 
occurred between the channel and ground during two of the firings con- 
ducted at a resistance load of 7 ohms. 

The three Hall channel power generation firings were accomplished 
at identical loading conditions (R c = 5.98 ohms), with the only test 
variable being the magnet field polarity. During the firing accomplished 
at "normal" magnet field polarity, the generated power was 27.2 kw, and 
the channel top electrodes were electrically positive with respect to the 
bottom electrodes. During the two firings accomplished with the magnet 
field reversed, the generated power was 16.4 kw, and, as expected, the 
channel bottom electrodes were electrically positive with respect to the 
top electrodes. 

The power generated during the Hall channel firings was approxi- 
mately 80 percent less than that generated during the 45- deg- slant chan- 
nel firzngs at comparable test conditions. 

The Hall channel axial voltage distribution observed during the con- 
ductivity measurement firings is presented in Fig. 24. Voltage was 
applied to the channel between electrodes 3, 4, 5, 6, 7, and 54, 55, 56, 
57, 58. The variation in applied voltage, the current conducted through 
the plasma, and motor chamber pressure during a typical conductivity 
measurement firing is shown in Fig. 25. 

The gas conductivity was determined by dividing the axial distance 
between points of voltage application by the product of the average flow 
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passage area and the plasma electrical resistance \~- . The average 

gas conductivity between electrodes I0 and 50 was determined to be 40, 
49, and 45 mhos/meter for the firings conducted at applied voltages of 
360, 440, and 200, respectively. 

SECTION V 
SUMMARY OF RESULTS 

Ninteen solid-fueled plasma generator firings were performed using 
Hercules, Inc., type VJP propellant. The cylindrical bore, center- 
perforated grains had uninhibited end burning and weighed approximately 
8 lb. Thirteen firings were for power generation through the 45-deg-slant 
wall channel, three firings were for power generation through the Hall 
channel, and three firings were for plasma conductivity measurement 
through the Hall channel. The test results are summarized as follows: 

I. The maximum power generated was 160 kw, using the 45-deg- 
slant wall channel with a load bank center resistance of 
7 ohms. 

2. Power generated using the Hall channel was 27.2 kw with a load 
bank resistance of 6 ohms and normal magnetic field polarity 
and 16.4 kw with a load bank resistance of 6 ohms and reversed 
magnetic field polarity. 

3. Plasma conductivity was 40, 49, and 45 rnhos/meter at applied 
voltages of 360, 440, and 200, respectively. 
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a. V iew Showing Inlet Plane 

Fig. 11 Photographs of Graphite Nozzle Transition Section 

27 



A E  D C - T R - 6 8 - 4 5  

I i a  - 

i .  

m 

e ~  u 

i 

t 

. m 

m 

U,J , lm~ 

u 

m 

0 ,,..,,.. 

t 

~ !~!~ 4., 
~ ~  "~i~ ̧ ~ .  ~ 

] 

5. View Showing Exit Plane 

Fig. 11 Concluded 

AEDCI~ 
8190-67 

28 



AEDC-TR-68-45 

a. Photograph 
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Fig. 12 Installation of MHD Generator Assembly in Propulsion Research Area (R.2C-4) 
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